Aim: To assess the long term outcome of a new trabeculectomy technique. Methods: Trabeculectomy was performed using a fornix based conjunctival flap, an anterior chamber maintainer, a standardised punch technique, and a combination of adjustable and releasable sutures in 56 eyes of 53 patients. The main outcome measures were the postoperative intraocular pressure (IOP) and the frequency of early postoperative complications. The mean follow up time was 15.7 (range 12-21) months. Results: The mean preoperative and postoperative IOP at 12 months were 21.2 (SD 6) and 12.8 (3.0) mm Hg, respectively. All patients had an IOP of ,21 mm Hg, 90.9% had an IOP ,18 mm Hg, and 61.4% had an IOP ,14 mm Hg. Postoperative complications were infrequent: flat anterior chamber (1.8%), bleb leakage (0%), or hypotony (1.5%) beyond 3 weeks, or choroidal detachment at any time point (8.9%). Conclusions: This novel trabeculectomy method offers the possibility to tailor the IOP postoperatively with a minimum of postoperative complications and excellent IOP control at the long term follow up.
T he classic trabeculectomy technique using a rectangular scleral flap with two releasable sutures at the edges and viscoelastic to maintain the anterior chamber (AC) is most routinely used. 1 However, this technique has three weak points. Firstly, the amount of filtration is variable. Hyperfiltration can result in a flat AC, hypotony maculopathy, choroidal detachment or haemorrhage, aqueous misdirection or cataract. 2 On the other hand, ocular massage and/or laser suture lysis are frequently necessary to obtain a low postoperative intraocular pressure (IOP). Laser suture lysis is non-titratable, sometimes impossible to perform, and can result in subsequent overdrainage and hypotony. Secondly, peroperative flat chamber and hypotony during trabeculectomy augment the risk of vision threatening complications such as choroidal haemorrhage, macular wipeout, and corneal decompensation. Thirdly, debris that remains at the trabeculectomy site after surgery induces an inflammatory response that induces fibrosis.
A new trabeculectomy technique was developed by Peng Khaw 3 that implies the use of releasable and adjustable sutures, an AC maintainer, and a punch. This technique has several advantages. Firstly, the punch produces a standard trabeculectomy aperture, and postoperative adjustment of the sutures allows titration of filtration, resulting in a more controlled amount of outflow. Secondly, during the operation, the AC is maintained and hypotony is prevented. Thirdly, inflammatory factors are flushed away from the site of surgery, reducing the risk of bleb failure. Overall, this novel technique may result in a better and safer outcome after filtration surgery. This study was set up to evaluate the outcome and safety of this novel trabeculectomy procedure.
METHODS

Study design and patient inclusion
In this retrospective study, the files of patients who underwent trabeculectomy using the described technique between February and December 2003 were reviewed. Patients with a history of preceding filtering surgery were excluded. The main outcome measures were the postoperative IOP and the frequency of early postoperative complications. IOP was recorded on days 1-3, weeks 1-4, at 3 months after surgery, and 3 monthly thereafter.
Trabeculectomy technique and postoperative management A corneal traction suture was placed with a silk 8/0 and a fornix based conjunctival flap was dissected. Antimetabolites were used when indicated. Gentle diathermy was performed. A scleral flap of 664 mm with side incisions at 0.5 mm from the cornea was delineated with a 30˚blade (Alcon). The flap was dissected half thickness with a crescent knife (Alcon). The central part of the flap was dissected 1 mm into clear cornea.
Scleral flap sutures (nylon 10/0) were pre-installed: two adjustables laterally (fig 1) and two releasables in between.
3
A corneal paracentesis was made inferotemporally using a knife of 1.2 mm (Alcon) and the conic 1.3 mm Blumenthal AC maintainer (BD-Visitec, Franklin Lakes, NJ, USA) was positioned (fig 2) with the bottle of BSS (Alcon) at 30 cm above the patient's eye. A trabeculectomy was performed using the Khaw punch of 0.5 mm (Duckworth and Kent, Hertfordshire, UK), followed by an iridectomy. The flap sutures were closed: the two adjustables at the corners of the flap with four throws and the two releasables buried in between. When judged necessary, based on the flow through the AC maintainer, sutures were loosened, removed, tightened, or added. At a bottle height of 30 cm above the eye, a flow rate of one drop every 3-4 seconds was expected to result in an IOP of 10-15 mm Hg. 4 Finally, the conjunctiva was closed with two nylon 10/0 sutures using a ''pursestring'' technique.
To reach the target IOP in the following weeks suture adjustments were done according to the needs. The two lateral flap sutures were adjusted using Khaw's transconjunctival adjustable suture control forceps (Duckworth and Kent) or removed, and/or the releasable sutures where cut with the argon laser (0.5 W, 0.1 seconds, 100 mm). Cystic encapsulation of the bleb associated with a rise in IOP was treated by needling. 5 Failing filtering blebs were treated by needling revision 6 if the scleral flap was visible.
Statistical analysis A Student's t test was used to determine statistically significant differences.
Abbreviations: AC, anterior chamber; IOP, intraocular pressure
RESULTS
Patient data
The baseline characteristics are summarised in tables 1 and 2.
Trabeculectomy outcome
The mean follow up time was 15.7 (SD 3.4) months, ranging from 12-21 months. One or two adjustable sutures were removed during surgery in four (7.1%) and one (1.8%) patients, respectively, and fixed sutures were removed or added in 11 (19.6%) and two (3.6%) patients, respectively. Mitomycin C was applied in seven patients (12.5%) and 5-fluorouracil in two patients (3.6%). No change in visual acuity was noted: visual acuity before and at 1 month postoperatively was 0.67 (0.3) (range 0.01-1) and 0.61 (0.3) (range 0.02-1.0; p = 0.25) on average.
The postoperative IOPs are summarised in figure 3. The day after surgery, the IOP had dropped from 21.2 (6.7) mm Hg to 10.4 (6.2) mm Hg (range 2-30). During the first postoperative month, filtration was titrated as summarised in table 3.
These adjustments allowed us to obtain an IOP of 11.8 (4.7) mm Hg (range 4-24) at 3 months postoperatively. After this period, the IOP remained stable, with a mean IOP of 12.8 (3.0) mm Hg (range 6-19) at 12 months. At this point, all our patients had an IOP of below 21 mm Hg, 90.9% below 18 mm Hg, and 61.4% below 14 mm Hg (fig 4) . At 15, 18, and 21 months, the mean IOP was 12.8 (3.1), 11.6 (3.9), and 10.8 (4.0) mm Hg in 28, 19, and nine patients, respectively. Four patients (7.1%) required IOP lowering medication after trabeculectomy, and needling revision of an inadequately filtrating bleb was necessary once in seven patients (12.5%) and twice in three patients (5.4%). None of the patients needed a second trabeculectomy (table 4) . IOPs were comparable between the patients who underwent trabeculectomy with or without antimetabolites ( fig 5) .
Postoperative complications are summarised in table 4.
DISCUSSION
The adapted technique of trabeculectomy according to Khaw A fornix based conjunctival flap results in a good visualisation of the surgical field, and allows the aqueous humour to drain posteriorly promoting the formation of a diffuse bleb. 7 Although a higher incidence of bleb leakage has been reported to be associated with fornix based conjunctival flaps, 8 the use of ''pursestring'' technique to close the conjunctiva was efficient in preventing persistent bleb leakage. A wide scleral flap dissected centrally into clear cornea also favours the posterior drainage.
Indeed, mean IOPs of less than 12 mm Hg were obtained from the first postoperative day. These pressures remained remarkably stable over the follow up period of at least 12 months and up to 21 months: at 12 months postoperatively, the mean IOP was 12.8 (3.0) mm Hg (fig 3) ; all patients had an IOP of (21 mm Hg, 90.9% ,18 mm Hg, and 61.4 ,14 mm Hg (fig 4) . Of note, there was a transient elevation of the mean IOP (15.3 (5.6) mm Hg) at postoperative week 4. This peak was explained by the fact that eight patients (14.3%) developed an encapsulated bleb. The incidence of bleb encapsulation was low. 7 After needling of the encapsulated bleb, all patients except one recovered IOPs of below 17 mm Hg.
Intraoperative complications did not occur, and postoperative complications were infrequent (table 4) . However, peroperative and postoperative maintenance of the AC did not prevent malignant glaucoma from occurring in one patient in the immediate postoperative period and in another patient several months after surgery. The use of antiproliferative agents did not influence the final IOP outcome. This was not surprising since antimitotics were used not only in patients with low tension glaucoma, but also in patients who are prone to develop an increased fibrotic reaction, such as those with inflammatory glaucoma or black patients.
These results compare favourably with previously published data using the trabeculectomy technique introduced by Cairns 9 and modified by Watson. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] Of note, in the Otago Glaucoma Surgery Outcome Study, 16 1.8% of patients were hypotonous (,6 mm Hg) at 12 months, whereas this long term hypotony did not occur in our series of patients. Postoperative complications were more frequent than in our series. 2 11 12 16 19 21 In the Collaborative Initial Glaucoma Treatment Study, the rate of postoperative complications was 10%, and only 50% of the patients had a complication free postoperative period. The fact that mean IOPs of ,14 mm Hg can result in stable visual fields has been concluded from several major clinical studies. 17 22 Moreover, IOP fluctuations are a known risk factor for visual field progression. 23 In this respect, the low as well as stable IOPs in our study are a favourable prognostic sign for stable visual function.
Importantly, a significant IOP decrease was also obtained in the normotensive patients, even after 21 months (10.8 (4.0 mm Hg). Previous reports have made it obvious that IOP lowering in normal tension glaucoma is less efficient with medication or laser treatment. 24 Taken together, these results indicate that this novel trabeculectomy technique is safe, allows postoperative tailoring of the IOP, and results in steadily low IOPs. Prospective, randomised, comparative trials will be needed to further validate this promising trabeculectomy technique.
